Introduction {#S001}
============

The Ussuri shrew, also known locally as the giant shrew (*Sorex mirabilis* Ognev [@CIT0015]), is a Palaearctic species with a distribution restricted to northeastern Asia (Ellerman and Morrison-Scott [@CIT0004]; Won [@CIT0023]; Corbet [@CIT0003]; Nowak [@CIT0014]; Yoon et al. [@CIT0024]; Wilson and Reeder [@CIT0022]). It was known that *S. mirabilis* was distributed in northeastern China, the Ussuri region (Russia), and North Korea (Won [@CIT0023]; Stone [@CIT0020]; Nowak [@CIT0014]), but in late 1990s the occurrence of this species was reported in South Korea from one specimen from Mt. Jeombong (or Chombong, 800 m alt., 38°02′35″N, 128°25′40″E) in 1997 and two specimens from Mt. Odae (850 m alt., 37°47′03″N, 128°34′23″E) in 1999 (Han et al. [@CIT0005], [Figure 1](#F0001){ref-type="fig"}). This shrew species is very rare and poorly known, and it is categorized as Data Deficient in the IUCN Red List (Tsytsulina [@CIT0021]); therefore, it is important to accumulate more distribution information. Here, we report a new southern and lower elevational record of *Sorex mirabilis* and discuss its potential habitat associations in Korea. Figure 1.Distribution map of the records of *Sorex mirabilis* in the Korean Peninsula. Circles denote records in North Korea (MAB National Committee of DPRK [@CIT0012]); diamonds denote the first records in South Korea (Han et al. [@CIT0005]); triangle denotes the new southern-most record (authors' data); crosses denote eoreumgols (ice valleys) (Kim [@CIT0009]).

Materials and methods {#S002}
=====================

We set up 200 Sherman large folding aluminum live traps (23 × 8.9 × 7.6 cm) with roasted peanut baits and checked the traps for 10 nights from 9 July to 18 July 2006 at Mt. Malmok, Jeoksung-myeon, Danyang-gun, and Chungcheongbuk-do in the Republic of Korea ([Figure 1](#F0001){ref-type="fig"}, 36°57′14.6″N, 128°16′34.6″E, 400 m elevation, northern aspect). The capture site was a rocky hillside in a coniferous-broadleaf mixed forest ([Figure 2](#F0002){ref-type="fig"}). The overstory was dominated by *Pinus densiflora*, *Quercus mongolica,* and *Purus sergeant*. *Q. mongolica, Q. serrata,* and *P. densiflora* were the dominant species of the midstory. The lower story was dominated by *Rhododendron mucronulatum, Rhus trichocarpa*, *Fraxinus sieboldiana,* and the herbaceous plants were *Disporum smilacinum, Ainsliaea acerifolia*, *Astilbe chinensis, Carex humilis, Smilax sieboldii,* and *Carex okamotoi*. There was no valley or stream, but water seeped from a gap of rock cover onto the forest floor on the capture date during the rainy season ([Figure 2](#F0002){ref-type="fig"}). The annual mean temperature in this area is 10.1°C, with a maximum temperature of 29.2°C in August, a minimum temperature of −11.1°C in January, and an annual mean precipitation of 1,295 mm concentrated from late June to July (data from the Jecheon observation station of the Korea Meteorological Administration, 24 km north of the trapping site). Figure 2.Capture site of *Sorex mirabilis* in Mt. Malmok, Jeoksung-myeon, Danyang-gun, Chungcheongbukdo, the Republic of Korea (36°57′14.6″N, 128°16′34.6″E, 400 m elevation, northern aspect).

On 15 July 2006, we caught one dead *S. mirabilis* at the trapping site. Body measurements (total length, tail length, and foot lengths) of our specimen were measured with a ruler and body weight with an electronic scale (Casbee, MW-1200, 0.1 g unit). A dial caliper (Mitutoyo, 505--666, 0.01 mm unit) was used for skull measurements. The skull specimen of *S. mirabilis* was deposited at the Wildlife Laboratory of the Department of Forest Sciences at Seoul National University (Registration No: 2006-S-1). During trapping 23 *Apodemus agrarius,* 12 *A. peninsulae,* 10 *Myodes regulus*, and 2 *Tamias sibiricus* were also captured. No other insectivores were caught probably due to a vegetable type of bait, roasted peanut, we used.

Results and discussion {#S003}
======================

Description {#S003-S2001}
-----------

The specimen of *S. mirabilis* was an adult female with three inguinal pairs of developed nipples and a robust tail ([Figure 3](#F0003){ref-type="fig"}). Inspection of the uterus was impossible to check pregnancy because of putrescent state of the specimen, though she did not have a conspicuously large abdomen. Figure 3.Dorsal and ventral appearance of *Sorex mirabilis*.

Eleven species of Soricidae have been recognized in the Korean Peninsula: 3 *Crocidura* species, 1 *Neomys* species, and 7 *Sorex* species (NIBR [@CIT0013]). Identification of *S. mirabilis* was made on the diagnostic features as follows. First, we confirmed the specimen as *Sorex* species with pigmented teeth of a dental formula of I 3/1, C 1/1, P 3/1, and M 3/3, including 5 unicuspid teeth from I^2^ to P^2^ (Ohdachi et al. [@CIT0017]). Then, size measurements confirmed it as *Sorex mirabilis*. *S. mirabilis* is the largest *Sorex* species in Asia (Han et al. [@CIT0005]). Their total length is greater than 120 mm, with a large skull size with the greatest length over 22 mm and the hind foot greater than 16 mm. Other 6 *Sorex* species occurring in Korea have shorter total length and skull size (Jones and Johnson [@CIT0007]; Ellerman and Morrison-Scott [@CIT0004]; Won [@CIT0023]; Corbet [@CIT0003]; Hoffmann [@CIT0006]; Han et al. [@CIT0005]; Yoon et al. [@CIT0024]; Smith and Xie [@CIT0019]). Dentition reconfirmed the identification. The anterior cusp of the first upper incisor of *Sorex mirabilis* bends deeply and the posterior cusp of the first upper incisor is very small and barely projects (Corbet [@CIT0003]; Han et al. [@CIT0005]), while other *Sorex* shrews occurring in Korea have predominant posterior cusps (see figures in Ohdachi and Maekawa [@CIT0018]; Han et al. [@CIT0005]; Ohdachi and Han [@CIT0016]; Cook et al. [@CIT0002]). The third upper unicuspid of *S. mirablis* is usually much smaller than the fourth unicuspid (Jones and Johnson [@CIT0007]; Ellerman and Morrison-Scott [@CIT0004]; Corbet [@CIT0003]; Han et al. [@CIT0005]; Smith and Xie [@CIT0019]). However, the size of the third upper unicuspid of our specimen was similar to the fourth ([Figure 4](#F0004){ref-type="fig"}). This might be due to heavier wear on the fourth unicuspid than the third upper unicuspid; red pigment on the fourth upper unicuspid was barely observed compared with the first, second, and third upper unicuspids, indicating that the fourth upper unicuspid was heavily worn. The details of the external and cranial measurements, taken with a dial caliper, are shown in [Table 1](#T0001){ref-type="table"}. Figure 4.*Sorex mirabilis* skull. A: dorsal view, B: view of the upper teeth and palate. C: lateral left view of the unicuspids on the upper jaw, with numbers indicating the order of unicuspids. D: lateral and medial views of the mandibles. Horizontal bars = 5 mm.Table 1.External, cranial, and dental measurements (in mm and gram) of the specimen of *Sorex mirabilis*.SexBWTLTFF(cu)HF(cu)HF(su)EGLWBMBUTRLRemarkSourceFemale15.21656811.717.0-8.024.0210.756.7210.25 Authors' dataUnknown--1456811.617.715.2--23.5010.78---- Han et al. ([@CIT0005])Female15.71717311.717.015.610.522.9010.73---- Male15.31586911.817.716.2--23.4510.77---- Male12.0160.971.8----16.59.0-------- Won ([@CIT0023])Female (*n* = 12)12.6157.675.1--16.716.78.323.70------mean valueBW: body weight, TL: total length, T: tail length, FF (cu): forefoot length with claws, HF (cu): hind foot length with claws, HF(su): hind foot length without claws, E: Ear, GL: greatest length of skull, WB: width of brain case, MB: maxillary breadth, UTRL: upper tooth row length.

Distribution {#S003-S2002}
------------

Won ([@CIT0023]) noted that *S. mirabilis* is likely distributed only at high elevations on the Korean Peninsula. The specimens of Han et al. ([@CIT0005]) were also from high elevations (800--850 m). However, our finding extends the known distribution to a latitude that is 50′ farther south and at an elevation that is 400 m lower than previously known. This may imply that *S. mirabilis* is distributed in a wider range than previously considered, although this species may be very rare.

Unique microhabitat of the capture site also may relate to the occurrence of *S. mirabilis*. Our capture site is 6 km away from the eoreumgol of Mt. Geumsu; eoreumgols may be a possible reason for a farther south and lower-elevation distribution compared with the previously known distribution of *S. mirabilis*. Eoreumgols, or ice (eoreum) valleys (gol), are so named because cold winds blow and ice often forms beneath talus slopes in the valleys in summer (Kim [@CIT0008]). By contrast with the cold microclimate in summer, water does not freeze, or ice melts, in winter in eoreumgols (Byun et al. [@CIT0001]). This phenomenon has been explained by the effect of water evaporation, underground ice bodies, cold air from the polar region, radiative cooling, and diurnal and seasonal respirations in the talus (Byun et al. [@CIT0001]).

Due to micro-meteorological characteristics, eoreumgols are regarded as insular refugia for northern or subarctic plant species in Korea (Kim et al. [@CIT0010]; Kong et al. [@CIT0011]). Therefore, eoreumgols may also be important refugia for small mammals dwelling in northern latitudes and high altitudes of Korea, such as *S. mirabilis* in this case. Approximately 20 eoreumgols are known in South Korea (Kim [@CIT0009]), and many of them are located in areas farther south than the known locations of *S. mirabilis* specimens, including ours ([Figure 1](#F0001){ref-type="fig"}). Further exploration of eoreumgols is required to expand our knowledge of the distributions of subarctic small mammals in Korea.
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